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Abstract 
A method is presented that facilitates the assessment of pesticide 
volatilization via determination of the volatilized amount by way 
of air sampling with PU foam plugs. The experimental design 
consisting 01' a volatilization chamber, a semi-automatic applica-
tion device, an air stream generated by suction pumps, various 
measuring instruments, and a computer, is described. The 
volatilization chamber is designed for use with soil as weIl as 
plants as target surfaces. The method allows the use of radio-Ia-
beled compounds, and calculation of the balance of the activity 
used in the experiments. Example results are presented and the 
properties of the method are discussed. 
Key words: Volatilization, pesticides, radio-Iabeled com-
pounds, soil, plant 
Zusammenfassung 
Eine Methode zur Bestimmung der Vert1üchtigung von Pt1an-
zenschutzmitteln wird vorgestellt, mit der die vert1üchtigte 
Menge an Pt1anzenschutzmittel durch Luftbeprobung mittels Po-
Iyurethan-Schaumstoff-Stopfen bestimmt wird. Es wird die Ap-
paratur beschrieben, die aus einer Vert1üchtigungskammer, einer 
halbautomatischen Applikationsvorrichtung, einem von einem 
Sauggebläse erzeugten Luftstrom, verschiedenen Meßinstru-
menten und einem Computer besteht. Die Vert1üchtigungsanlage 
ist sowohl für Versuche mit Boden als auch mit Pt1anzen ausge-
legt. Die beschriebene Methode ist für den Einsatz von radioak-
tiv markierten Substanzen geeignet und erlaubt das Aufstellen ei-
ner Bilanz der eingesetzten Aktivität. Ein beispielhaftes Ergeb-
nis wird vorgestellt, und die Eigenschaften der Methode werden 
diskutiert. 
Stichwörter: Vert1üchtiguug, Pflanzenschutzmittel, radioaktiv 
markierte Substanzen, Boden, Pt1anzen 
Introduction 
Volatilization has been recognized as a major pathway for the 
disappearance of pesticides from target areas (e.g. GUENZI and 
BEARD, 1974; LEE, 1976; BOEHNKE et al. , 1990). As a conse-
quence, pesticides have been recovered from precipitation (GATH 
et al., 1992; NATIONS and HALLBERG, 1992, GATH et a1., 1993; 
OBERWALDER and HURLE, 1993; BESTER et a1., 1995; CHERNYAK 
et a1., 1996), and their transport into remote areas has been ob-
served (see KURTZ, ]990, for arecent survey). Since this wide 
distribution 01' pesticides is undesirable, the registration process 
in Gcrmany now rcquires data on the volatilization potential of 
the product to be rcgistered. The relevant guideline (BBA, 1990), 
which became eflective in 199], demands that thc volatilization 
of pesticides is to be assessed experimentally if the photolytic 
and hydrolytic stability of the product in water exceeds a half-life 
offour days. However, the guideline does not lay down a specific 
method or experimental design for the assessment. Hence, a 
number 01' methods have been developed to fulfill the registra-
tion requirements as weIl as to facilitate research on the 
volatilization process itself. An impression 01' the wide difIer-
ences in method design can be gained from the report on an in-
terlaboratory comparison conducted in 1995 (WALTER et 
a1., 1996). The first method for assessing volatilization devel-
oped at the BBA was a so-called indirect one (KRASEL et al., 
1992). With its rather simple design it requires little experimen-
tal expenditure and facilitates rather rapid assessment of the 
volatilization 01' stable pesticides. However, due to the indirect 
determination of the volatilized aJ110lmt via the residues remain-
ing on and in the target plant or soil, for unstable substances that 
are subject to quick degradation volatilization may be overesti-
mated using this method. Here we describe the second BBA-
method for assessing volatilization. It involves air sampling and 
thus allows the direct assessment of the volatilized amount of 
pesticides. This method is considerably more time consuming 
than the first one but may yield valid volatilization data for un-
stable substances as weIl. 
Experimental Design 
The experimental design consists of the volatilization chamber 
itself, a suction pump connected to it by a pipe, an application 
unit, several measuring instruments, and a computer. 
Volati/ization chamber, air pump, adsorption units 
Figure I shows a scheme 01' the set-up of the volatilization cham-
ber and the suction pumps which provide 'wind' and with it the 
necessary air exchange in the chamber. Figure 2 ilIustrates this 
scheme with a photograph 01' the chamber. The chamber (120 cm 
x 60 cm x 60 cm) is made 01' stainless steel (bottom and side 
walls, frame) and glass (top, front and back) to reduce adsorption 
of organic chemicals to the wall surfaces. The front wall of the 
chamber can be lifted up to allow the introduction of plants and 
soil as weil as a thorough c1eaning. A centered 4 cm wide slit 
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Figure 1. Volatilization chamber and air s tream system. 
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Figure 2. Volatilization chamber with French Beans, measuring instruments and part 01 the air stream system. 
crosses tbe clJamber top lenglbwise. Tbis openjng facilitates the 
in-chamber app lication of pesticides; for the duration of the ex-
periment it is closed with a sheet of glass. The sbeet has 5 ground 
joint inlets (1; NS 29/32) tbat aUow the insertion of measuring in-
struments into the chamber and that can be tightl y c losed when 
not in use. Two sq uare vessels (58 cm x 58 cm x 12 cm) made of 
stainless s teel are used as contai ners for soil and plallls. They 
cover the base of the chamber a lmost completely and y ield an ex-
perimenta l surface of 0.67 m2 
Ai r enters the chamber through 8 mm s lj ts tbat run all across 
one side wall and leaves it through the 30 round outl et holes on 
the other s ide of the chamber. The inlet slits are covered with ny-
lo n gauze. Into the outl e t holes (0 5 cm). 3 cm long stee l tubes 
have been welded into w hich polyurethane (PU) foam plugs are 
inserted to trap vo lat ilized chemi cals whe n a ir passes through 
them. Polyurethane was chosen as trapping material far its re-
ported good adsorption capacity for many pesticides (L EWIS e t 
aL , 1977 ; BRAuN and FARAG, 1978; NERI N e t aL, 1995), its clean 
and easy handling and its low cost. The air then passes through a 
swirl vane and a 2 m stainl ess stee l pipe ( 16 cm 0, bent at a 90° 
ang le in the middle) before reaching the gas meter (turbine gas 
me ter, J . B. ROMBACH, q"",x= 1000 m3/h) and from there it is 
sucked through a fl ex ible aluminum pipe into the adju stable 
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pump (PILLER® cast Fan; V = 0.23 m3/s). The pump js located o ut-
s ide the g lasshouse in which the vo la tilizati on chamber is set up, 
and the ex haust a ir is released into the ambi ent a ir. 
Instead 01' sa mpling the entire air stream with the 30 PU foam 
plugs, it is a lso possible to analyze just a fract ion of it. For that 
purpose, a second trapping unit has been instalJed in a partial air 
stream diverted from the main stream. The diversion occurs af-
ter the ai r has passed th rough tbe sw irl vane and after tbe bend in 
the steel pipe. A copper pi pe ( 1.8 cm 0) is welded into tbe steel 
pipe so that the open ing of the cop pe r pipe faces the air stream in 
the cente r of the steel pipe . The !rapping unit in the partia l stream 
consists of two paralJel custom made brass caruidges that can be 
connected to or shut off from the parti al ai r stream separately. 
Each cartridge routinely bo lds 2 PU foam plugs and 50 g of ac-
tivated charcoal, but these adsarbents can be replaced by o the r 
mate ri a ls if desired. The partial air stream is generated by a sec-
ond suction pump (VEB METALLWERK ORANIENBURG, 
V = 0.28 m3/s) and gas flow is measured with a beUows gas me-
ter (J. B. Ror\'iß ACH, q ",,,, = 65 m3/h ). The ratio of the partial to the 
main stream can be adjusted to different values between l: 10 and 
1 :50. When operating the partial in add iti on to the mrun a ir 
stream, s lightl y higher wind speeds may be reacbed inside the 
chamber due to the absence of the PU foa m plugs in the side wall. 
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Figure 3. Wind profile inside the volatilization chamber, measured at 
25 cm above the soil vessels. 
The maximum air exchange rate in the chamber is dependent 
on the volume of air above the experimental surface,' i. e., on 
whether plants or soil are used as target, and on the size of the 
plants. The maximum air exchange rate in experiments with a 
plant stand of about 20 cm height is approx. 3900 exchanges per 
hour, which is equivalent to an average wind speed of ap-
prox.l.3 m/s inside the chamber. The air flow through the cham-
ber is not laminar. A wind profile measured inside the chamber 
(at 25 cm above the soil vessels without plants) reflects the rather 
steady flow in the center of the chamber and the eddies on the 
sides (Figure 3). 
Contral and monitoring of temperature, humidity and wind 
speed 
The volatilization chamber is set up in a temperature controlled 
glasshouse (temperature range between 10 °C and 30°C). Dur-
ing experiments, air temperature is measured and recorded con-
tinuaIly inside as weIl as outside the volatilization chamber. 
Thermometers for measuring soil temperature are provided as 
weIl. Control ofhumidity is limited (there is a humidifier but no 
means 01' drying air) and is largely dependent on outdoor condi-
tions. During experiments, a window 01' the glasshouse is kept 
slightly ajar to maintain a fresh air supply. Humidity is measured 
and recorded continually only outside the chamber for technical 
reasons. The flow rates 01' the main as wen as the partial air 
stream are measured by gas meters, wind speed is calculated 
from these volume measurements. All measurements are 
recorded by a simple automated system. It consists 01' a IBM 
computer (IBM AT, Intel 80286 processor), an analog/digital 
converter board and a data logger to allow data input from the 
measuring instruments. The user can determine the intervals be-
tween data recording, the default interval is five minutes. A Tur-
boPascal (6.0) application records experimental information en-
tered by the user and the measured values into a structured 
ASCII-file, from which data can be imported into standard data-
base and spreadsheet applications. 
Application unit and application process 
The application unit was designed and built especially for use 
with the volatilization chamber. It consists 01' a miniature tractor 
(Figure 4) with gearwheels that runs without slippage on a gear 
track across the chamber. The tractor is equipped with avesseI 
for the spraying solution and a flat spray nozzle for band spray-
ing as used in agricultural practice (e.g.; TEEJET 9501E; 8001E). 
The track is mounted on two support jacks which facilitate its 
height adjustment and consequently allow for different nozzle-
target distances. Light baITiers are located at both ends of the 
track. The tractor is driven by a 12 V DC electromotor and a cog-
wheel gear reduction transmission. Release of the spraying solu-
tion is controlled via a magnetic valve (Aseo, stainless steel with 
Teflon gasket, 12 V De, LlP 2.0 bar). The application process is 
computer controlled: A Turbo Pascal (6.0) application interacts 
with the electromotor and the light baITiers and allows the user 
to set the distance to be covered, and opening and closing times 
for the magnetic valve. Thus, the application process is highly re-
producible. In a typical application procedure 32 ml of spraying 
solution are applied to the entire experimental area within 5 sec-
onds, equaling an application rate of 470 I/ha and an application 
speed 01' 0.8 km/ho In general, an even distribution 01' the solution 
onto the target area can be achieved (Figure 5). This depends, 
however, on the type and quality 01' the nozzle. 
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Figure 4. Applieation device. 
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Figure 5. Distribution of spraying solution across the experimental sur-
face. The surfaee was eovered with tissue paper, radio-Iabeled pesti-
cide was applied to it, the paper cut in 5 cm squares, and the amount 
applied to each square was determined by combustion and subse-
quent liquid seintillation eounting. 
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For application, first the desired parameters are set. Then the 
weIl stirred spraying solution is poured into the glass vessel. The 
vessel is closed with a cap to which a tube leading to a com-
pressed air bottle is attached. Opening the bottle valve generates 
the pressure necessary for spraying application. The presslIre is 
approximately that used for field application of pesticides (2.5 
bar). Then the application process is started from the computer. 
After the application process is completed, the application unit is 
removed from the volatilization chamber and the slit in the top is 
closed. The entire application equipment is carefully rinsed with 
methanol and the activity lost to the equipment is assessed. 
Conduct and evaluation of experiments 
The 'closed' -chamber approach facilitates the use of radio-Ia-
beled compounds. The use of 14C-Iabeled pesticides offers the ad-
vantages of comparatively easy analysis and the identification of 
degradation products. Non-extracted residues in plants and soils 
can be determined, if not qualitatively then quantitatively. For 
soil experiments, the square metal vessels are filled to the brim 
with soil. The soil may be sieved or not, it may be filled in loosely 
or tightly packed. For plant experiments, a den se stand of plants 
(e.g., French Bean) that have been raised in a glasshouse are 
planted in the vessels. Either PU foam plugs are insel"ted into the 
respective openings, or the partial air stream sampling unit is in-
stalled. The inside chamber walls and the brims of the plant ves-
sels are covered with tissue paper to avoid contamination during 
the application process. The spraying solution 01' the 14C-Iabeled 
product is prepared according to directions for use or common 
agricultural practice. The activity of the spraying solution is de-
termined by liquid scintiIlation counting and the application is 
carried out as described above. After the spray fog has settled, the 
tissue paper is removed from the chamber and collected in a plas-
tic bag for determination 01' application los ses. During the re-
moval the main air stream pump is turned on to about 5 % of its 
full power to avoid the loss of possibly not yet settled substance 
to the chamber sUlToundings. Afterwards the main air stream is 
turned on to the desired level and the partial air stream may be 
started also. Then the computer application that records the mi-
cro-climatic parameters is started. After the designated time pe-
riods (for a standard experiment foIlowing the guideline these are 
1, 3, 6, and 24 hours after application) the air sampling adsor-
bents are removed and replaced by new ones. If the main stream 
is used, the fan is turned off for the few minutes that it takes to 
exchange the plugs. If the partial air stream is used, the air is sim-
ply directed from the currently used cartridge to the other one, 
charged with clean adsorber material, and then the PU plugs 
Table 1. Balance of a volatilization experiment with 14C-labelled 
parathion-methyl (EC 400 blau) 
kBq % 
Spraying solution 41.8 
Application losses 7.8 
Reference value 34.0 100.0 
Amount volatilized within the interval 
o h to 1 h 4.2 12.2 
1 h to 3 h 5.6 16.6 
3 h 10 6 h 4.5 13.2 
6 h to 24 h 5.7 16.8 
24 h 10 48 h 1.3 3.8 
Residue on/in 
Plants 9.5 28.0 
Soil 5.7 16.6 
Recovery 36.5 107.2 
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Figure 6: Cumulative volalilizalion of paralhion-melhyl (EC 400 blau) 
as measured from French Bean. 
and/or activated charcoal are removed, stored away until analy-
sis, and replaced by fresh material. PU foam plugs are kept in 
darkness at 4 °C until analysis to prevent uncontrollable loss 01' 
pesticide from them. They are then Soxhlet-extracted with 
methanol, and the radioactivity in the extracts is assayed by liq-
uid scintillation counting (LSC). For the determinationlidentifi-
cation of degradation products, the extracts may be subjected to 
radio-TLC. Activated charcoal is combusted in a Biological 
SampIe Oxidizer and activity is subsequently determined by 
LSC. At the end of an expeliment, plants (and soil) are harvested, 
homogenized, and representative sampies are analyzed for ra-
dioactivity (extractionlcombustion). The chamber walls are 
rinsed thoroughly with methanol and the recovered radioactivity 
is determined. A balance of the amount of pesticide (activity) is 
calculated. Table 1 and Figure 6 show an example result of an ex-
periment conducted with parathion-methyl (EC 400 blau) and 
French Beans. 
Discussion of the Method 
Volatilization chamber 
It has been argued that for volatilization experiments there 
should be a laminar air flow across the experimental surface. 
That, however, is hard to achieve and the authors are not con-
vinced of the necessity, as long as the air exchange at the surface 
is sufficient to avoid a build-up 01' volatilized substance. With 
more than 3000 air exchanges per hour and given the measured 
wind speeds it can be assumed that this condition is met by the 
experimental design described here. No means of irrigation is 
provided at this point. For plant experiments that poses no prob-
lem: the soil is thorollghly moistened at the beginllillg of the ex-
periment, pro vi ding enough water for the plants until they are 
harvested at the end of the experiment. No water stress could be 
observed in plant experiments so far, not even after 48 hours. For 
soil experiments the necessity of additional water supply is ar-
guable. The drying out of the top-most layer 01' soil has been 
shown to decrease volatilization sigllificantly (TAYLOR, 1995). If 
one intends to examine volatilization under worst-case condi-
tions, enough water will have to be supplied to avoid drying out. 
However, under field conditions the drying out is very likely to 
occur. Thus, experiments employing a cOlltinually wet soil might 
lead to a considerable overestimation of volatilization. 
Micro-climatic conditions 
Since humidity may influence the volatilization process, com-
plete control of that factor would be favorable. As is, we gener-
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ally observe a day-night-rhythm in experiments, since humidity 
in the glasshouse largely depends on the humidity of the ambient 
air. Again, this may be considered as representing field rather 
than worst-case laboratory conditions. However, since it is hard 
to carry out two experiments under the exact same conditions this 
way, differing results in duplicate experiments are difficult to in-
terpret. 
Partial air stream 
The use of the partial air stream has advantages as weil as disad-
vantages. On the one hand, there is a greater variety of possible 
adsorbents, even liquids can be used. Also, the experimental ex-
penditure can be significantly reduced due to smalleI' quantities 
of adsorbent material needed. On the other hand, the relation be-
tween partial and main air stream of 1: 10 and greater is bound to 
produce greater experimental error. In addition, it has to be veri-
fied that the partial air stream actllally constitutes an aliquot of 
the fuH air stream. 
Experimental expenditure 
In comparison with the other BBA-method for assessing 
volatilization (KRASEL et a!., 1992), evaluation of experiments 
done with this method is rather time eonsuming. There are con-
siderably larger sampies to be dealt with, approximately 2.5 kg 
of plant material, and 2- 3 kg of soil in an average French Bean 
experiment. The Soxhlet-extraction 01' the 5 x 30 PU-foam plugs 
used in an average experiment takes several days, althollgh 2-
liter-Soxhlets are used. 
Conclusion 
The method described here for assessing the volatilization of pes-
ticides has been compared to 19 others in an interlaboratory com-
parison (WALTER et a!., 1996). In terms 01' size, sophistication, re-
semblance of agrieultural practiee, and experimental expenditure 
the volatilization assessment described here is ranked at the up-
per end of the sc ale 01' the experimental designs compared. Yet, 
the cost of developing and bllilding the volatilization chamber 
and the additional equipment was comparatively low. The inter-
laboratory comparison showed that different methods may yield 
very ditlerent data on the volatilization behavior of a given pes-
ticide. Reasons for these differences could not be identified with 
certainty. The volatilization rates of the two pes ti ci des assessed 
with this method were in the middle and the lower end 01' the 
scope of results, respectively. 
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